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(54) Method of initiating regeneration of a particulate filter for a direct-injection diesel engine 
with a common rail injection system 



(57) A method of initiating regeneration of a partic- 
ulate filter (37) for a diesel engine (1 ) having a common 
rail injection system (6) permitting, at each engine cycle 
and in each cylinder (2) of the engine (1), a fuel injection 
strategy performing one or more of the following injec- 
tions: a main injection (MAIN1); a first pre-injection (PI- 
LOT) preceding the main injection (MAIN1) and per- 
formed at the compression stroke; a second pre-injec- 
tion (PRE) preceding the main injection (MAIN 1) and fol- 
lowing the first pre-injection (PILOT) ; a first post- injec- 
tion (MAIN2, AFTER) following the main injection 
(MAIN1) ; and a second post-injection (POST) following 
the first post-injection (MAIN2, AFTER) and performed 
at the exhaust stroke; the second pre-injection (PRE) 



and the first post- injection (MAIN2, AFTER) being per- 
formed close enough to the main injection (MAIN1) to 
participate, together with the main injection , in the actual 
fuel combustion phase. The method of initiating regen- 
eration of the particulate filter (37) provides for imple- 
menting, at each engine cycle and in each cylinder (2) 
of the engine (1), a fuel injection strategy wherein one 
or more of the first and second pre-injection (PILOT 
PRE), the main injection (MAIN1), and the first and sec- 
ond post-injection (MAIN2, AFTER. POST) are per- 
formed, and wherein the timing of one or more of the 
injections performed is varied with respect to the timing 
of the injections in particulate filter non-regenerating 
conditions. 



MAIN! MAIN2' 



PILOT 



A 



PRE 




CM 
< 

CM 
W 
00 

CO 
CM 



Q_ 

LU 



100- 



60° -0" 



rr r 

moooms: ] 




AFTER 



/ > BOijs 
100 -1000 Jjs 
226CJJS ! 100-4000ps 



60°~0° 



80ms I j 



100-lOOOps 
100-2000ps 



30*-10 D 



30°— 10° : 0°"100° 



Fig.2 



2 280|Js 



POST 



100-500ps 



20°" 210° 
o 

-270°— 360° 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 281 852 A2 



2 



Description 

[0001] The present invention relates to a method of 
initiating regeneration of a particulate filter for a direct- 
injection diesel engine with a common rail injection sys- 
tem. 

[0002] As is known, in many countries, the regulations 
governing atmospheric pollution are becoming increas- 
ingly strict with regard to the composition of internal 
combustion engine exhaust gas. 
[0003] In the case of diesel engines in particular, the 
main problems are posed not so much by carbon mon- 
oxide (CO) and hydrocarbons (HC) as by nitric oxide 
(NOx) and particulate in the exhaust gas. 
[0004] Numerous methods have been proposed 
whereby to minimize the particulate content of exhaust 
gas emitted into the atmosphere. Of these, fitting the 
exhaust pipe with a particulate filter has long been ac- 
knowledged in engine technology as undoubtedly the 
final solution to the problem of diesel engine particulate 
emissions. 

[0005] A diesel particulate filter (DPF) - also known as 
a particulate trap (soot catcher or bare trap) - normally 
comprises a number of parallel channels with alternat- 
ing porous barrier walls. 

[0006] More specifically, the barriers force the ex- 
haust gas to flow through the lateral walls of the chan- 
nels, so thatthe unburned particles constituting the par- 
ticulate are first retained in the pores of the lateral walls, 
and, when the pores eventually become clogged, accu- 
mulate and form a porous layer on the inner surfaces of 
the channel walls. 

[0007] As the particulate accumulates on the inner 
surfaces of the channel walls, the pressure drop through 
the filter and therefore the backpressure generated by 
the filter, also increases. 

[0008] If not removed eventually, an excessive accu- 
mulation of particulate therefore results in: 

impaired performance, driving comfort, and con- 
sumption of the engine, until the engine eventually 
stalls; and 

destruction of the filter itself in the event of self-firing 
and uncontrolled combustion of the particulate. 
That is, in particular driving conditions, a large ac- 
cumulation of particulate may give rise to "critical" 
regeneration phenomena, in turn resulting in sud- 
den, uncontrolled particulate combustion, over- 
heating of the ceramic matrix of the filter, and there- 
fore damage to the filter itself. 

[0009] The trapped particulate must therefore be re- 
moved regularly by "regenerating" the particulate filter, 
which, in engine technology, means burning the accu- 
mulated particulate (substantially carbon, C) which, in 
contact with the oxygen in the exhaust gas, is converted 
into CO and C0 2 . 

[0010] This reaction, however, only occurs naturally 



(i.e. without using additives) at temperatures over 
roughly 600°C ; which are much higher than those at the 
filter inlet in normal engine operating conditions. 
[0011] In certain conditions, i.e. on detecting a given 
5 accumulation of particulate in the filter, the exhaust gas 
temperature at the filter inlet must therefore be in- 
creased artificially to 600°C to initiate particulate com- 
bustion. 

[0012] Regeneration of particulate filters is the main 
10 problem posed by use of this sort of filter in the automo- 
tive industry. 

[0013] Numerous methods of artificially increasing 
exhaust gas temperature at the filter inlet to initiate par- 
ticulate combustion have been proposed and actually 

15 implemented. 

[0014] These roughly fall into two major categories, 
depending on the approach adopted: a first category 
based on the use of a fuel additive, which acts as a cat- 
alyst to reduce regeneration initiation temperature by 

20 roughly 1 00-1 50°C; and a second category involving no 
fuel additive. 

[0015] Additive-based methods of initiating particu- 
late combustion require: 

25 - an exhaust system comprising a catalyst and par- 
ticulate filter integrated in a single canister; 
a high-volume particulate filter, typically equal to 
twice the engine displacement; 
a fuel additive (cerium-based) to reduce regenera- 
te tion initiation temperature by 1 00-1 50°C: 

a highly complex on-vehicle automatic additive feed 
and metering system; and 

engine control strategies to increase temperature 
at the filter inlet, on account of the required temper- 
35 atures not being achievable in normal engine oper- 
ating conditions. This type of system in fact only op- 
erates correctly in medium-load engine operating 
conditions; whereas, in the case of prolonged low- 
load operation (e.g. in city traffic) and/or low exter- 
40 nal temperatures (in winter), the exhaust gas often 
fails to reach initiation temperature. 

[0016] Additive-based particulate combustion initia- 
tion methods provide for initiating regeneration of par- 
45 ticulate filters at about 450-500° C with a low backpres- 
sure generated by the filter, but have significant draw- 
backs which prevent them from being used to full ad- 
vantage: 

50 - they are complex, particularly as regards the auto- 
matic additive feed and metering system; 
a high-volume particulate filter must be installed, on 
account of the additive in the fuel leaving a gradually 
increasing ash deposit in the filter; 
55 - despite the high volume of the particulate filter, the 
ash must still be "cleaned off" roughly every 80,000 
km; cerium, in fact, produces large amounts of ash 
which accumulate, together with the particulate, in- 
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side the filter, and which cannot be eliminated by 
regeneration; as a result, the backpressure of the 
filter gradually increases with mileage, so that the 
filter must be dismantled and cleaned regularly to 
remove the accumulated ash; 
high cost of both the automatic additive feed and 
metering system and the high-volume particulate fil- 
ter. 

[0017] On account of the above drawbacks, non-ad- 
ditive-based particulate combustion initiation methods 
are now preferred by most car manufacturers. 
[001 8] One solution proposed and implemented to in- 
crease the exhaust gas temperature in particulate filters 
artificially without recourse to an additive comprises fit- 
ting the particulate filter with heating elements which are 
activated periodically to heat the filter to the temperature 
initiating combustion of the trapped particulate. 
[0019] More recently, however solutions have been 
proposed whereby the temperature of the exhaust gas 
at the particulate filter inlet is increased by engine con- 
trol strategies. 

[0020] The most commonly used strategies to in- 
crease temperature at the particulate filter inlet com- 
prise: 

acting on the main injection to delay combustion; 
post- injection; or 

reducing air intake (e.g. by reducing supercharging 
or throttling intake). 

[0021] The delayed main injection based strategy is 
limited by the main injection only being delayable up to 
a certain point, beyond which combustion would be- 
come unstable, thus resulting in misfiring, white/blue 
smoke, and driving problems, in particular "swooning" 
phenomena. In low engine speed and load conditions, 
in particular, this strategy therefore fails to achieve high 
temperatures at the filter inlet. 

[0022] In European Patent Application WO 96/03571 
filed by the present Applicant, on the other hand, a strat- 
egy is proposed whereby the temperature of the exhaust 
gas at the particulate filter inlet is increased by perform- 
ing, in addition to the main injection, a post-injection at 
the expansion stroke. 

[0023] Timing of the post-injection with respect to the 
main injection and the amount of fuel injected are so de- 
termined that fuel combustion at the expansion stroke 
increases the temperature of the exhaust gas sufficient- 
ly to initiate regeneration of the particulate filter. 
[0024] In European Patent Application WO 96/03572, 
also filed by the present Applicant, a strategy is pro- 
posed whereby the temperature of the exhaust gas at 
the particulate filter inlet is increased by performing, in 
addition to the main injection, a post- injection at the ex- 
haust stroke. 

[0025] More specifically, since the particulate filter is 
normally integrated in a single canister together with a 



DeNOx catalyst upstream from the particulate filter, a 
post-injection performed predominantly at the exhaust 
stroke means the injected fuel has no, or only very little, 
effect on combustion and is therefore supplied, un- 

5 burned, directly to the catalyst. 

[0026] The unburned hydrocarbons thus introduced 
into the catalyst initiate an exothermic oxidation reaction 
which increases the temperature of the exhaust gas at 
the catalyst outlet and therefore at the particulate filter 

10 inlet. 

[0027] Unlike additive-based methods, non-additive- 
based particulate combustion initiation methods re- 
quire: 

15 - a particulate filter of a volume substantially equal to 
the engine displacement, i.e. half the volume re- 
quired by additive-based particulate combustion in- 
itiation methods; 

an exhaust system which may either: 

20 

have the same configuration as that required 
by additive-based particulate combustion initi- 
ation methods, i.e. comprising a catalyst and 
particulate filter integrated in a single canister; 
25 or 

comprise one filter on which are deposited both 
the oxidizing elements of the catalyst, and ini- 
tiation-temperature-reducing metals (Ce + Pt) 
(catalyzed soot filter); 

30 

no fuel additive; 

no on-vehicle automatic additive feed and metering 
system; 

engine control strategies to increase the tempera- 
35 ture at the particulate filter inlet. 

[0028] Using an exhaust system comprising a catalyst 
and particulate filter integrated in a single canister, re- 
generation is initiated t around 600°C, and the particu- 

40 late filter generates a low backpressure; whereas, using 
an exhaust system comprising one filter on which are 
deposited both the oxidizing elements of the catalyst 
and initiation-temperature-reducing metals, regenera- 
tion is initiated at around 450°C, but the particulate filter 

45 generates a high backpressure, and regeneration effi- 
ciency may be impaired by cesium-particulate contact 
and may also drift, i.e. resulting in an increase in regen- 
eration initiation temperature. 

[0029] It is an object of the present invention to pro- 
50 vide an improved method of initiating regeneration of a 
particulate filter, designed to eliminate the drawbacks of 
the above methods, i.e. which requires no fuel additive; 
guarantees exhaust gas temperatures of over 600°C at 
the particulate filter inlet, thus initiating regeneration of 
55 the particulate filter, in all engine operating conditions; 
and provides for stable combustion during regeneration 
to ensure good driving conditions with no "swooning" 
phenomena and no white/blue smoke at the exhaust 
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caused by misfiring. 

[0030] According to the present invention , there is 
provided a method of initiating regeneration of a partic- 
ulate filter for a diesel engine with a common rail injec- 
tion system, as claimed in Claim 1 . 
[0031] A preferred, non-limiting embodiment of the 
present invention will be described by way of example 
with reference to the accompanying drawings, in which: 

Figure 1 shows a schematic diagram of an engine 
and relative intake, injection, exhaust, and exhaust 
gas recirculating systems; 

Figure 2 shows six multiple injections performed 
consecutively by a known common rail injection 
system at each engine cycle and in each engine cyl- 
inder. 

[0032] Number 1 in Figure 1 indicates a supercharged 
direct-injection diesel engine comprising a number of 
cylinders 2; a drive shaft 3; a variable-geometry turbo- 
supercharger 4 with an electrically controlled actuator 
(pressure modulator) 5; a common rail injection system 
6; a combustion gas exhaust system 7; an exhaust gas 
recirculating (EGR) system 8; and an electronic control 
system 9 for controlling injection and diagnosing leak- 
age in the injection system. 

[0033] Injection system 6 substantially comprises an 
air intake manifold 10 fitted with a proportional electric 
throttle valve 1 1 ; a number of injectors 1 2 - one for each 
cylinder 2 of engine 1 - for supplying high-pressure fuel 
to cylinders 2 of engine 1 ; a number of preheating plugs 

13 - one for each cylinder 2; a high-pressure feed circuit 

14 for feeding high-pressure fuel to injectors 12; and a 
low-pressure feed circuit 1 5 for feeding low-pressuref u- 
el to high-pressure feed circuit 14. 

[0034] Low-pressure feed circuit 1 5 comprises a fuel 
tank 16; a feed pump 17, e.g. electric, immersed in the 
fuel in tank 1 6 (but shown outside tank 1 6 for the sake 
of clarity); a low-pressure feed line 18 connecting feed 
pump 17 to a high-pressure pump 19 of high-pressure 
feed circuit 14; and a fuel filter 20 located along low- 
pressure line 18, between feed pump 1 7 and high-pres- 
sure pump 1 9. 

[0035] In addition to high-pressure pump 19, high- 
pressure feed circuit 14 also comprises a known com- 
mon rail 21 connected by a high-pressure feed line 22 
to high-pressure pump 1 9, and by respective high-pres- 
sure feed conduits 23 to injectors 1 2, which are also con- 
nected by respective recirculating conduits 24 to a drain 
line 25 in turn connected to tank 1 6 to feed part of the 
fuel, used in known manner by and for operating injec- 
tors 12, back into tank 1 6. 

[0036] Drain line 25 is also connected to high-pres- 
sure pump 1 9 by a recirculating conduit 26, and to feed 
pump 17 and fuel filter 20 by respective recirculating 
conduits 27 and respective overpressure valves 28. 
[0037] High-pressure pump 1 9 comprises an on/off or 
so-called shut-off valve 29 (shown schematically) for 



feeding the pumping elements (notshown) of high-pres- 
sure pump 19 when a pressure difference exists be- 
tween low-pressure feed line 18 and recirculating con- 
duit 26. 

5 [0038] High-pressure feed circuit 14 also comprises 
a pressure regulator 30 connected between high-pres- 
sure feed line 22 and drain line 25 by a recirculating con- 
duit 31 , and which, when activated, feeds part of thefuel 
supplied to common rail 21 by high-pressure pump 19 
back into tank 16, so as to regulate - in known manner 
not described in detail - the pressure of the fuel supplied 
by high-pressure pump 1 9 and, therefore, the fuel pres- 
sure in common rail 21 and injection pressure. 
[0039] High-pressure feed circuit 14 also comprises 
a pressure relief device 32 connected on one side to 
common rail 21 and on the other to drain line 25 by a 
recirculating conduit 33, and which prevents the fuel in 
common rail 21 from exceeding a predetermined maxi- 
mum pressure. 

[0040] Exhaust system 7 comprises a combustion 
gas exhaust manifold 34 along which turbosupercharg- 
er4. a DeNOx pre-catalyst35, an actual DeNOx catalyst 
36, and a particulate filter 37 are arranged in series; cat- 
alyst 36 and particulate filter 37 being integrated in a 
single canister 38. 

[0041] Alternatively, the functions of catalyst 36 and 
particulate filter 37 may be performed by one compo- 
nent known as a catalyzed soot filter (not shown). 
[0042] Chemical components for reducing particulate 
combustion temperature may be added to particulate fil- 
ter 37, regardless of whether it is separate from or inte- 
grated with catalyst 36. 

[0043] Exhaust gas recirculating system 8 feeds part 
of the exhaust gas in exhaust manifold 34 of engine 1 
back into intake manifold 1 0 to reduce combustion tem- 
perature and the formation of nitric oxide (NOx), and is 
represented schematically by an exhaust gas recircu- 
lating conduit 39 connecting exhaust manifold 34, at a 
point upstream from turbosupercharger 4, to air intake 
manifold 10, at a point downstream from throttle valve 
1 1 , and by a regulating or so-called EGR valve 40 locat- 
ed along exhaust gas recirculating conduit 39, at the 
point of connection to air intake manifold 10. 
[0044] Electronic control system 9 comprises an air- 
flow meter 41 located along air intake manifold 1 0, up- 
stream from throttle valve 11 , and generating an airflow 
signal indicating airflow in air intake manifold 1 0; a dif- 
ferential pressure sensor 42 having a first and second 
input connected respectively to the inlet of catalyst 36 
and the outlet of particulate filter 37, and an output sup- 
plying a pressure signal indicating the pressure drop be- 
tween the inlet and outlet of particulate filter 37, which, 
as is known, indicates the amount of particulate accu- 
mulated in particulatefilter37; a first temperature sensor 
43 located at the outlet of particulate filter 37 and sup- 
plying a first temperature signal indicating the exhaust 
gas temperature at the outlet of particulate filter 37; and 
a second temperature sensor 44 located at the inlet of 
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particulate filter 37 and supplying a second temperature 
signal indicating the exhaust gas temperature at the in let 
of particulate filter 37. 

[0045] Alternatively second temperature sensor 44 
may also be connected to the inlet of catalyst 36. 
[0046] Electronic control system 9 also comprises a 
first pressure sensor 45 located along air intake mani- 
fold 1 0, downstream from EGR valve 40, and generating 
a first pressure signal indicating the air pressure in in- 
take manifold 10 downstream from EGR valve 40, and 
thereto re the boost pressure of engine 1 ; a second pres- 
sure sensor 46 located on common rail 21 and gener- 
ating a second pressure signal indicating the fuel pres- 
sure in common rail 21 , and therefore the fuel injection 
pressure; a drive shaft angular speed and position 
measuring device 47, in turn comprising a known pulse 
wheel 48 fitted to drive shaft 3, and an electromagnetic 
sensor 49 facing pulse wheel 48 and generating a po- 
sition and speed signal indicating the angular speed and 
position of pulse wheel 48, and therefore the angular 
speed and position of drive shaft 3; and an electronic 
control unit (ECU) 50, e.g. defined by the engine control 
unit, which is connected to temperature sensors 43. 44, 
to pressure sensors 45, 46, to airflow meter 41 , and to 
drive shaft angular speed and position measuring de- 
vice 47, and supplies drive signals for injectors 12, pre- 
heating plugs 13, throttle valve 11, EGR valve 40, pres- 
sure modulator 5 of turbosupercharger 4, pressure reg- 
ulator 30, and feed pump 17. 

[0047] The present invention is the result of in-depth 
research by the Applicant into the possibility of initiating 
regeneration of a particulate filter by means of consec- 
utive multiple injections at each enginecycleand in each 
engine cylinder. 

[0048] More specifically, European Patent Application 
EP 1035314, filed by the Applicant on 03.03.2000 and 
the content of which is considered fully included herein, 
describes injection strategies comprising up to a maxi- 
mum of six consecutive multiple injections, and the 
present invention is the result of research by the Appli- 
cant into the possibility of exploiting such multiple injec- 
tions to initiate regeneration of a particulate filter. 
[0049] For a clear understanding of the present inven- 
tion, a brief summary will now be given of some of the 
main characteristics of the invention described in the 
above European patent application, to which the reader 
is referred, however, for details concerning timing and 
possible combinations of the six multiple injections, their 
effect on engine performance, the amount of fuel inject- 
ed at each injection, and the injection strategies, i.e. 
number and type of injections, possible as a function of 
the operating point of the engine, as defined by the 
speed, torque, and operating conditions, e.g. tempera- 
ture, of the engine. 

[0050] Figure 2 shows the six multiple injections per- 
formed consecutively by common rail injection system 
6 at each engine cycle and in each engine cylinder. 
[0051] More specifically, the six multiple injections 



comprise two closely spaced main injections indicated 
MAIN1 and MAIN2; two pre-injections preceding the 
main injections and indicated PILOT and PRE; and two 
post-injections following the main injections and indicat- 
5 ed AFTER and POST. 
[0052] More specifically: 

the two main injections MAIN1 and MAIN2 are per- 
formed around the end-of-compression top dead- 
10 center position, i.e. at engine angles within a range 
astride the end of the compression stroke and the 
start of the expansion stroke; 
pre-injection PRE is performed close enough to 
main injections MAIN1, MAIN2 to participate, to- 
15 gether with the main injections, in actual fuel com- 
bustion; while pre-injection PILOT is further away 
from main injections MAIN1, MAIN2 and is per- 
formed at the compression stroke; 
post-injection AFTER is performed close enough to 
20 main injections MAIN1, MAIN2 to participate, to- 
gether with the main injections and the first pre-in- 
jection PRE, in actual fuel combustion; while post- 
injection POST is further away from main injections 
MAIN1, MAIN2 and is performed at the exhaust 
25 stroke or at the end of the expansion stroke. 

[0053] More specifically, the first main injection 
MAIN1 lasts from 1 00 to 4000 [is and starts at an engine 
angle ranging between 30° before and 1 0° after the end- 
30 of-compression top dead-center position, and which is 
mainly afunction of engine speed, load, and cooling wa- 
ter temperature. 

[0054] The second main injection MAIN2 lasts from 
1 00 to 2000 [is and is performed after first main injection 
35 MAIN1 with the following timing characteristics: 

it starts at an engine angle ranging between 30° be- 
fore and 10° after the end-of-compression top 
dead-center position; and 
40 - it starts at least 80 jis after first main injection MAIN 1 
ends. 

[0055] The first post-injection AFTER lasts from 100 
to 1000 (is and is performed after second main injection 
45 MAIN2 with the following timing characteristics: 

it starts at an engine angle ranging between 0° (i.e. 
end-of-compression top dead-center position) and 
1 00° after the end-of-compression top dead-center 
50 position; and 

it starts at least 80 jxs after second main injection 
MAIN2 ends. 

[0056] The second post- injection POST lasts from 
55 1 00 to 500 jxs and is performed after first post-injection 
AFTER with the following timing characteristics: 

it starts at an engine angle ranging between 20° be- 
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fore and 210° after the end-of-compression top 
dead-center position , or between 270° and 360° af- 
ter the end-of-compression top dead-center posi- 
tion; and 

it starts at least 280 \is after first post- injection AF- 
TER ends. 

[0057] The first pre-injection PILOT lasts from 1 00 to 
1000 us and is performed before second pre-injection 
PRE with the following timing characteristics: 

it starts at an engine angle ranging between 60° be- 
fore the end-of-compression top dead-center posi- 
tion and 0° (i.e. the end-of-compression top dead- 
center position); and 

it ends at least 280 jas before second pre-injection 
PRE starts. 

[0058] The second pre-injection PRE lasts from 100 
to 1000 [as and is performed after first pre-injection PI- 
LOT and before first main injection MAIN1 with the fol- 
lowing timing characteristics: 

it starts at an engine angle ranging between 60° be- 
fore the end-of-compression top dead-center posi- 
tion and 0° (i.e. the end-of-compression top dead- 
center position); and 

it ends at least 80 u.s before first main injection 
MAIN1 starts. 

[0059] The above injection timing is memorized in 
control unit 50 which, to perform the multiple injections, 
first calculates the start and end engine angle values of 
first main injection MAIN1 as a function of the speed, 
load, and cooling water temperature of the engine, and 
then, using the memorized timing, determines the start 
and end engine angle values of each of the other injec- 
tions. 

[0060] Each of the above injections corresponds to a 
specific effect on engine operation for a specific pur- 
pose. 

[0061] That is: 

performing two main injections MAIN1 , MAIN2, as 
opposed to a conventional single main injection, re- 
duces the temperature peaks generated by com- 
bustion, and therefore the amount of nitric oxide 
NOx generated during combustion; 
post-injection AFTER - which, as stated, partici- 
pates in actual combustion - produces post-oxida- 
tion of the exhaust gas in the cylinder, thus reducing 
the amount of particulate generated during com- 
bustion; 

post-injection POST injects a certain amount of fuel 
at the exhaust stroke, which, since actual combus- 
tion is over, is not burned and reaches the exhaust 
unchanged, thus increasing the hydrocarbons HC 
at the exhaust, which in turn activate and improve 



the efficiency of catalyst 36; 
pre-injection PRE - which, as stated, participates in 
actual combustion - reduces ignition lag, i.e. the 
time lapse between fuel injection into the cylinder 

5 at main injection MAI N 1 and the actual start of com- 
bustion in the cylinder; reducing ignition lag there- 
fore reduces the combustion noise of the engine; 
pre-injection PILOT increases the pressure in the 
cylinder at the end of the compression stroke, thus 

10 reducing engine start-up time, reducing engine 
warm-up noise and smoke levels, and increasing 
engine torque at low speed. 

[0062] At each engine cycle and in each engine cyl- 
15 inder, either all six of the above injections, with thetiming 
described, or subgroups of them maybe performed, de- 
pending on the injection strategy target. 
[0063] If not all six injections are performed, the timing 
conditions relative to the engine angle values at which 
20 the performed injections are to start are the same as 
indicated above, whereas the timing conditions of the 
performed injections relative to lag or lead with respect 
to the preceding injections are as follows: 

25 - in the absence of second pre-injection PRE, the 
lead of first pre-injection PILOT indicated above is 
taken to refer to first main injection MAIN1 , i.e. first 
pre-injection PILOT ends at least 280 \is before first 
main injection MAIN1 starts; 
30 - in the absence of second main injection MAIN2, the 
lag of first post-injection AFTER indicated above is 
taken to refer to first main injection MAIN1 , i.e. first 
post-injection AFTER starts at least 80 \xs after first 
main injection MAIN1 ends, and the lag of second 
35 post-injection POST with respect to first post-injec- 
tion AFTER is the same as indicated above; 
in the absence of first post-injection AFTER, the lag 
of second post-injection POST indicated above is 
taken to refer to second main injection MAIN2, i.e. 
40 second post-injection POST starts at least 280 jxs 
after second main injection MAIN2 ends; 
in the absence of second main injection M AIN2 and 
first post-injection AFTER, the lag of second post- 
injection POST indicated above is taken to refer to 
45 first main injection MAIN1 , i.e. second post-injection 
POST starts at least 280 jis after first main injection 
MAIN1 ends. 

[0064] As stated, for each group of injections per- 
50 formed, the amount of fuel injected at each multiple in- 
jection can also be regulated, and different injection 
strategies can be performed as a function of the oper- 
ating point of the engine. For more details, the reader is 
referred to the aforementioned European patent appli- 
55 cation. 

[0065] In-depth research by the Applicant into initiat- 
ing regeneration of particulate filters by consecutive 
multiple injections at each engine cycle and in each en- 
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gine cylinder has led to the identification, for each oper- 
ating point of the engine, of particular combinations and 
timings of the above multiple injections, by which partic- 
ulate filter regeneration is initiated. 
[0066] Research by the Applicant also shows how the 
effect of such multiple injection combinations and tim- 
ings on particulate filter regeneration can be further im- 
proved by working on other engine and/or injection sys- 
tem quantities, such as intake airflow, injection pres- 
sure, and the amount of exhaust gas recirculated. 
[0067] Roughly speaking, the regeneration strategies 
determined by the Applicant comprise the following 
steps to increase exhaust gas temperature at the par- 
ticulate filter inlet: 

performing, appropriately delayed with respect to 
timing in particulate filter non-regeneration condi- 
tions, three or four of the PILOT, PRE, MAIN1 and 
AFTER injections which participate in the combus- 
tion process and provide for achieving delayed, sta- 
ble combustion by increasing exhaust gas temper- 
ature (as regards initiating particulate filter regener- 
ation, second main injection MAIN2 and first post- 
injection AFTER are considered alternatives); 
performing a POST injection to supply HC to cata- 
lyst 36 and exploit the resulting exothermic reaction 
to further increase exhaust gas temperature at the 
outlet of catalyst 36, and therefore at the inlet of par- 
ticulate filter 37; this injection is also performed as 
a function of the exhaust gas temperature at the in- 
let of particulate filter 37, if fitted with temperature 
sensor 44, or at the inlet of catalyst 36, if fitted with 
temperature sensor 44, and/or as a function of the 
exhaust gas temperature at the outlet of particulate 
filter 37 if a catalyzed soot filter is used; 
reducing airflow by throttling air intake by means of 
throttle valve 1 1 , and/or reducing boost pressure by 
means of closed-loop-controlled actuator 5 of tur- 
bosupercharger 4; 
reducing fuel injection pressure; 
adjusting the amount of recirculated exhaust gas by 
means of EGR valve 40; 
activating, or not, preheating plugs 13. 

[0068] In this way, and particularly by performing mul- 
tiple injections, high exhaust gas temperatures of or 
over600°C (particulate combustion initiation threshold) 
can be achieved at the inlet of particulate filter37 in each 
operating condition of the engine, thus regenerating par- 
ticulate filter 37 with no misfiring which would otherwise 
result in impaired driving conditions and blue smoke. 
[0069] According to a first aspect of the present inven- 
tion, regeneration strategies are only performed in the 
enabling conditions described below. 
[0070] In particular: 

regeneration strategies are performed when a giv- 
en quantity of accumulated particulate is deter- 



mined on the basis of the pressure drop through 
particulate filter 37 and/or the temperature of par- 
ticulate filter 37 itself; such strategies may also be 
performed solely on the basis of mileage, or on the 
5 basis of both information items, or even on the basis 
of a variable time period; 

regeneration strategies are only performed when 
the cooling fluid exceeds a given threshold 
(40-60°C - temperature-controlled engine); 
10 - regeneration strategies are performed for a fixed 
time period, which is that in which the exhaust gas 
temperature at the inlet of particulate filter 37 ex- 
ceeds a given threshold (a clock times how long 
temperature remains above the given threshold). If 
15 the temperature is below the threshold, the time pe- 
riod is considered ineffective, but the regeneration 
strategies remain enabled. More specifically, ena- 
bling time may range from 1 to 60 minutes, and the 
temperature threshold from 400 to 650°C. In other 
20 words, the exhaust gas temperature at the inlet of 
particulate filter 37 (or at the outlet in the case of a 
catalyzed soot filter) must be guaranteed above the 
threshold throughout the set time period. 

25 [0071] According to a further aspect of the present in- 
vention, different regeneration strategies are performed 
for different engine operating conditions, as defined by 
engine speed and the amount of fuel injected per cycle. 
[0072] More specifically, in an engine graph of engine 
30 speed versus brake mean effective pressure (BMEP), 
various areas are identified corresponding to different 
engine operating conditions, and in which different strat- 
egies are performed. 

[0073] The various engine operating conditions are: 

35 

full load: 800-5000 rpm engine speed, and engine 
load of 90-1 00% of maximum load; 
normal operation: 1000-5000 rpm engine speed, 
and engine load of 5-90% of maximum; 
40 - idling: 800-1000 rpm engine speed, and engine 
load of 0-5% of maximum; 

cut-off: 1000-5000 rpm engine speed, and engine 
load of 0-5% of maximum. 

45 [0074] The normal operating condition can be divided 
further into: 

town-traffic condition: engine speed below 3000 
rpm and engine load below 30% of maximum; and 
50 - open-road condition: engine speed below 3000 rpm 
and engine load over 30% of maximum, or engine 
speed over 3000 rpm and engine load of 5-90% of 
maximum. 

55 [0075] The following is a description of the regenera- 
tion strategies performed in the above engine operating 
conditions. 
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1. IDLING 

[0076] In this engine operating condition, the five PI- 
LOT, PRE, MAIN1 , AFTER and POST injections partic- 
ipating in combustion are performed. 
[0077] More specifically, the POST injection is per- 
formed about 1 80° or31 5° afterthe end-of-compression 
top dead-center position, if the temperature of catalyst 
36 is high enough (over 200°C) to oxidize the HC pro- 
duced. If it is not, the POST injection is performed when 
the engine exhaust valves are still fully closed, i.e. 120° 
afterthe end-of-compression top dead-center position. 
[0078] The amount of fuel injected in the POST injec- 
tion is regulated proportionally, as a function of the ex- 
haust gas temperature at the outlet of catalyst 36, as 
follows: 

- 0%upto200°C; 

0-1 00% proportionally from 200 to 400°C; 
100% over 400°C. 

[0079] The PILOT injection is delayed roughly 15° 
with respect to its timing in particulate filter non-regen- 
eration conditions, so that a PRE injection can be per- 
formed and so timed that the fuel injected by it is burns 
substantially at the end-of-compression top dead-center 
position. 

[0080] Thesetwo PILOT and PRE injections delay the 
MAIN1 injection up to 35° with respect to its timing in 
particulate filter non-regeneration conditions. 
[0081] As a result, the AFTER injection is performed 
as much as 80° afterthe end-of-compression top dead- 
center position. 

[0082] The injection leads are selected to ensure 
complete oxidation of the injected fuel : each injection 
must create the best possible conditions in the combus- 
tion chamber for the next injection to burn properly and 
so achieve stable combustion. 

[0083] Injection pressure is reduced with respect to 
the particulate filter non-regeneration condition to pro- 
long combustion. 

[0084] In the idling condition, fresh air intake to the 
engine is also throttled, no exhaust gas is recirculated 
to avoid reducing the oxygen percentage in the air in- 
take, and the engine preheating plugs are activated to 
increase engine load. 

2. NORMAL OPERATION 

[0085] As stated, this can be further divided into town- 
traffic and open-road engine operating conditions. 

2.1 TOWN TRAFFIC 

[0086] In town-traffic conditions (engine speed below 
3000 rpm and engine load below 30% of maximum), the 
five PILOT, PRE, MAIN1 , AFTER and POST injections 
are performed. 



[0087] The PILOT injection is delayed on average by 
2° to 15° with respect to its timing in particulate filter 
non-regeneration conditions, so that the fuel injected at 
the PRE injection burns about 10° to 15° afterthe end- 
5 of-compression top dead-center position, thus creating 
the conditions to delay the MAIN1 injection by 15° to 35° 
with respect to the end-of-compression top dead-center 
position. 

[0088] In the town-traffic condition, the AFTER injec- 
10 tion lead may be delayed roughly 45° to 75° with respect 
to the end-of-compression top dead-center position, 
while the POST injection is performed close to the end- 
of-expansion bottom dead-center position (i.e. when the 
exhaust valves are wide-open), or roughly 31 5° to 360° 
15 after the end-of-compression top dead-center position 
to reduce oil dilution. 

[0089] Injection pressure is reduced by 50-200 bars 
to prolong injection for a given amount of fuel injected, 
and so prolong combustion and obtain higher exhaust 
20 gas temperatures. 

[0090] In this condition too, the preheating plugs are 
activated and fresh air intake throttled (the preheating 
plugs are turned on as afunction of the engine operating 
point, i.e. engine speed and load). 
25 [0091] It should be pointed out that, below 3000 rpm, 
the PILOT injection is maintained up to the full-load en- 
gine condition to allow the MAIN1 injection to also burn 
correctly in power conditions. 

30 2.2 OPEN ROAD 

[0092] In the open-road condition with an engine 
speed below 3000 rpm and engine load of 30-90% of 
maximum, the PILOT, MAIN1 , AFTER and POST injec- 

35 tions are performed; whereas, with an engine speed 
over 3000 rpm and engine load of 5-90% of maximum, 
the MAIN1 , AFTER and POST injections are performed. 
[0093] If performed, the PI LOT injection is not delayed 
with respect to the particulate filter non-regeneration 

40 condition. 

[0094] The MAIN1 injection, however, is delayed 
roughly 5° to 1 5° with respect to its timing in particulate 
filter non-regeneration conditions, while the AFTER in- 
jection lead is delayed 35° to 50° with respect to the end- 

45 of-compression top dead-center position. 

[0095] The POST injection is performed 1 80° or 31 5° 
afterthe end-of-compression top dead-center position. 
[0096] In these conditions, exhaust gas is recirculated 
to reduce the nitric oxide produced by the engine and at 

50 the same time increase engine air intake temperature. 
[0097] Injection pressure is the same as in particulate 
filter non-regeneration conditions, or is increased slight- 
ly (20-50 bars) to improve vaporization of the injected 
fuel and so reduce HC production. 

55 [0098] In both town-traffic and open-road conditions, 
the amount of fuel injected in the POST injection is reg- 
ulated proportionally as a function of the exhaust gas 
temperature at the outlet of catalyst 36, as described 
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previously. 

3. FULL LOAD 

[0099] Full-load conditions are the engine operating 
points with 90-100% of maximum torque at a given en- 
gine speed. Since, in this case, engine performance 
must be guaranteed, the PILOT, MAIN1 and POST in- 
jections are performed at engine speeds below roughly 
3000 rpm, and the MAIN1 and POST injections for en- 
gine speeds over roughly 3000 rpm. 
[0100] To preserve engine performance, the PILOT 
and MAIN1 injection leads are the same as in normal 
particulate filter non-regeneration conditions. 
[0101] For the same reason, as engine load increas- 
es, the delay in the leads with respect to particulate filter 
non-regeneration conditions must be reduced, eventu- 
ally reaching zero at full load. 

[0102] The POST injection is performed roughly 180° 
or 315° after the end-of-compression top dead-center 
position to produce the HC required to increase the tem- 
perature at the inlet of particulate filter 37 to the partic- 
ulate combustion initiation threshold. 
[0103] The amount of fuel injected in the POST injec- 
tion is regulated proportionally as a function of the ex- 
haust gas temperature at the outlet of catalyst 36, as 
described previously. 

[0104] Injection pressure is exactly the same as in the 
power curve. 

4. CUT-OFF 

[0105] In the cut-off engine condition, a distinction is 
made between prolonged cut-off and short cut-off, as 
for example, when shifting gear. 

4.1 PROLONGED CUT-OFF 

[0106] In the prolonged cut-off condition, fresh air in- 
take to the engine is throttled to avoid cooling the cata- 
lysts, no exhaust gas is recirculated, and the POST in- 
jection is performed 180° or 31 5° after the end-of-com- 
pression top dead-center position to exploit the exother- 
mic HC oxidation reaction in catalyst 36. 
[0107] The amount of fuel injected in the POST injec- 
tion is regulated proportionally as a function of the ex- 
haust gas temperature at the outlet of catalyst 36, as 
described previously. 

4.2 SHORT CUT-OFF 

[0108] In the short cut-off condition, as for example 
when shifting gear, no particular strategy is adopted. 
[0109] The advantages of the present invention will 
be clear from the foregoing description. 
[0110] In particular, with no fuel additive required, the 
present invention guarantees exhaust gas tempera- 
tures of over 600°C at the inlet of particulate filter 37, 



thus initiating regeneration of particulate filter 37, in all 
engine operating conditions - in particular, low-load, 
low-engine-speed conditions, as in town traffic and 
when idling - and provides for stable combustion during 
5 regeneration to ensure good vehicle driving conditions 
with no "swooning" phenomena or white/blue smoke at 
the exhaust caused by misfiring. 

[0111] In addition to solving the problem of particulate 
combustion, the present invention also provides for re- 

10 ducing gaseous emissions in conformance with EURO 
4 emission standard 2005, and at very little cost in terms 
of fuel consumption and full-load performance. 
[0112] Tests conducted by the Applicant, in fact, show 
that, whereas a 1 0-minute regeneration of particulate fil- 

15 ter 37 produces a 200% increase in fuel consumption, 
regenerating particulate filter 37 every 500 km produces 
an average increase in fuel consumption of no more 
than 1 .2%. 

[01 1 3] Clearly, changes may be made to the method 
20 as described and illustrated herein without, however 
departing from the scope of the present invention as de- 
fined in the accompanying Claims. 



25 Claims 

1. A method of initiating regeneration of a particulate 
filter (37) for a diesel engine (1 ) with a common rail 
injection system (6), said common rail injection sys- 

30 tern (6) permitting, at each engine cycle and in each 
cylinder (2) of the engine (1 ), a fuel injection strat- 
egy comprising performance of one or more of the 
following injections: amain injection (MAIN 1); a first 
pre-injection (PILOT) preceding said main injection 

35 (MAIN1) and performed at the compression stroke; 
a second pre-injection (PRE) preceding said main 
injection (MAIN1) and following said first pre-injec- 
tion; a first post- injection (MAIN2, AFTER) following 
said main injection (MAIN1); and a second post-in- 

40 jection (POST) following said first post-injection 
(MAIN2, AFTER) and performed at the exhaust 
stroke; said second pre-injection (PRE) and said 
first post-injection (MAIN2, AFTER) being per- 
formed close enough to said main injection (MAIN1 ) 

45 to participate, together with the main injection, in the 
actual fuel combustion phase; 

said method of initiating regeneration being 
characterized by the comprising the step of: 

50 - implementing, at each engine cycle and in each 
cylinder (2) of the engine (1), a fuel injection 
strategy wherein one or more of said first and 
said second pre-injection (PILOT, PRE), said 
main injection (MAIN1), and said first and said 

55 second post-injection (MAIN2, AFTER, POST) 

are performed, and wherein the timing of one 
or more of the injections performed is varied 
with respect to the timing of said injections in 
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particulate filter non-regenerating conditions. 

2. A method of initiating regeneration as claimed in 
Claim 1 , characterized in that the number and type 
of injections performed to initiate regeneration of 
the particulate filter vary as a function of engine op- 
erating conditions. 

3. A method of initiating regeneration as claimed in 
Claim 1 or 2, characterized in that the timing of the 
injections performed to initiate regeneration of the 
particulate filter is varied, with respect to the timing 
of said injections in particulate filter non-regenerat- 
ing conditions, as a function of engine operating 
conditions. 

4. A method of initiating regeneration as claimed in 
any one of the foregoing Claims, characterized in 
that the variation in the timing of the injections per- 
formed to initiate regeneration of the particulate fil- 
ter decreases alongside an increase in engine load, 
eventually reaching substantially zero in full-load 
conditions. 

5. A method of initiating regeneration as claimed in 
any one of the foregoing Claims, characterized in 
that the amount of fuel injected in said second post- 
injection (POST) to initiate regeneration of the par- 
ticulate filter is regulated as a function of exhaust 
gas temperature. 

6. A method of initiating regeneration as claimed in 
Claim 5, characterized in that the amount of fuel 
injected in said second post-injection (POST) to in- 
itiate regeneration of the particulate filter is regulat- 
ed in proportion to exhaust gas temperature. 

7. A method of initiating regeneration as claimed in 
any one of Claims 3 to 6, characterized in that, in 
the idling engine operating condition, the fuel injec- 
tion strategy to initiate regeneration of the particu- 
late filter comprises performing said first and said 
second pre-injection (PILOT, PRE), said main injec- 
tion (MAIN1), and said first and said second post- 
injection (MAIN2, AFTER, POST). 

8. A method of initiating regeneration as claimed in 
Claim 7, for an engine (1) with a combustion gas 
exhaust system (7) comprising catalyzing means 
(35), characterized in that, in the idling engine op- 
erating condition, said second post-injection 
(POST) is performed roughly 180° or 31 5° after the 
end-of -compression top dead-center position, if the 
temperature of said catalyzing means (35) is high 
enough to oxidize the hydrocarbons in the catalyz- 
ing means, or conversely roughly 120° after the 
end-of-compression top dead-center position. 



9. A method of initiating regeneration as claimed in 
Claim 7 or 8, characterized in that, in the idling 
engine operating condition, the timing of said first 
pre-injection (PILOT) is delayed roughly 15° with re- 

5 spect to the timing of the first pre-injection (PILOT) 
in particulate filter non-regeneration conditions. 

10. A method of initiating regeneration as claimed in 
any one of Claims 7 to 9, characterized in that, in 

10 the idling engine operating condition, said second 
pre-injection (PRE) is so timed that the fuel injected 
by it burns substantially at the end-of-compression 
top dead-center position. 

15 11. A method of initiating regeneration as claimed in 
any one of Claims 7 to 10, characterized in that, 
in the idling engine operating condition, the timing 
of said main injection (MAIN1) may be delayed up 
to 35° with respectto the timing of the main injection 

20 (MAIN1) in particulate filter non-regeneration con- 
ditions. 

12. A method of initiating regeneration as claimed in 
any one of Claims 7 to 11 , characterized in that. 
25 in the idling engine operating condition, said first 
post-injection (MAIN2, AFTER) is performed up to 
80° after the end-of-compression top dead-center 
position. 

30 13. A method of initiating regeneration as claimed in 
any one of Claims 4 to 6, characterized in that, in 
the town-traffic engine operating condition the fuel 
injection strategy to initiate regeneration of the par- 
ticulate filter comprises performing said first and 

35 said second pre-injection (PILOT, PRE), said main 
injection (MAIN1), and said first and said second 
post-injection (MAIN2, AFTER, POST). 

14. A method of initiating regeneration as claimed in 
40 Claim 13, characterized in that, in the town-traffic 

engine operating condition, the timing of said first 
pre-injection (PILOT) is delayed on average 2° to 
1 5° with respect to the timing of the first pre-injec- 
tion (PILOT) in particulate filter non-regeneration 
45 conditions. 

15. A method of initiating regeneration as claimed in 
Claim 1 3 or 1 4, characterized in that, in the town- 
traffic engine operating condition, said second pre- 

50 injection (PRE) is so timed that the fuel injected by 
it burns substantially 10° to 15° after the end-of- 
compression top dead-center position. 

16. A method of initiating regeneration as claimed in 
55 any one of Claims 1 3 to 15, characterized in that. 

in the town-traffic engine operating condition, the 
timing of said main injection (MAIN1) may be de- 
layed roughly 15° to 35° with respectto the end-of- 
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compression top dead-center position. 

17. A method of initiating regeneration as claimed in 
any one of Claims 13 to 16, characterized in that, 

in the town-traffic engine operating condition, said 5 
first post-injection (MAIN2, AFTER) is performed 
roughly 45° to 75° after the end-of-compression top 
dead-center position. 

18. A method of initiating regeneration as claimed in 10 
any one of Claims 1 3 to 1 7, characterized in that, 

in the town-traffic engine operating condition, said 
second post- injection (POST) is performed close to 
the end-of-expansion bottom dead-center position, 
or roughly 315° to 360° after the end-of-compres- 15 
sion top dead-center position. 

19. A method of initiating regeneration as claimed in 
any one of Claims 4 to 6, characterized in that, in 

the open-road engine operating condition, the fuel 20 
injection strategy to initiate regeneration of the par- 
ticulate filter comprises performing at least said 
main injection (MAIN1) and said first and said sec- 
ond post-injection (MAIN2, AFTER, POST). 

25 

20. A method of initiating regeneration as claimed in 
Claim 19, characterized in that, in the open-road 
engine operating condition, the fuel injection strat- 
egy to initiate regeneration of the particulate filter 
also comprises performing said first pre-injection 30 
(PILOT) at engine speeds below a first predeter- 
mined threshold. 

21. A method of initiating regeneration as claimed in 
Claim 1 9 or 20, characterized in that, in the open- 35 
road engine operating condition, the timing of said 
main injection (MAIN1) is delayed roughly 5° to 15° 
with respect to the timing of the main injection 
(MAIN1) in particulate filter non-regeneration con- 
ditions. 40 

22. A method of initiating regeneration as claimed in 
any one of Claims 1 9 to 21 , characterized in that, 
in the open-road engine operating condition, said 
first post-injection (MAIN2, AFTER) is performed 45 
roughly 35° to 50° after the end-of-compression top 
dead-center position. 

23. A method of initiating regeneration as claimed in 
any one of Claims 1 9 to 22, characterized in that, 50 
in the open-road engine operating condition, said 
second post- injection (POST) is performed roughly 
180° or 315° after the end-of-compression top 
dead-center position. 

55 

24. A method of initiating regeneration as claimed in 
any one of Claims 4 to 6, characterized in that, in 
the full-load engine operating condition, the fuel in- 



20 

jection strategy to initiate regeneration of the partic- 
ulate filter comprises performing at least said main 
injection (MAIN1) and said second post-injection 
(POST). 

25. A method of initiating regeneration as claimed in 
Claim 24, characterized in that, in the full-load en- 
gine operating condition, the fuel injection strategy 
to initiate regeneration of the particulate filter also 
comprises performing said first pre-injection (PI- 
LOT) at engine speeds below a second predeter- 
mined threshold. 

26. A method of initiating regeneration as claimed in 
Claim 24 or 25, characterized in that, in the full- 
load engine operating condition, the timings of said 
first pre-injection (PILOT) and said main injection 
(MAIN1) are the same as in particulate filter non- 
regeneration conditions. 

27. A method of initiating regeneration as claimed in 
any one of Claims 24 to 26, characterized in that, 
in the full-load engine operating condition, said sec- 
ond post-injection (POST) is performed 180° or 
315° after the end-of-compression top dead-center 
position. 

28. A method of initiating regeneration as claimed in 
any one of Claims 4 to 6, characterized in that, in 
the prolonged cut-off engine operating condition, 
the fuel injection strategy to initiate regeneration of 
the particulate filter comprises performing only the 
second post-injection (POST). 

29. A method of initiating regeneration as claimed in 
Claim 28, characterized in that, in the prolonged 
cut-off engine operating condition, said second 
post-injection (POST) is performed 180° or315° af- 
ter the end-of-compression top dead-center posi- 
tion. 

30. A method of initiating regeneration as claimed in 
any one of the foregoing Claims, for an engine (1) 
comprising an air intake system (1 0) with air intake 
regulating means (11), a fuel combustion exhaust 
gas recirculating system (8), and preheating plugs 
(13); characterized by also comprising one or 
more of the following steps: 

throttling air intake; 

reducing fuel injection pressure; 

varying the amount of exhaust gas recirculated; 

activating/deactivating the preheating plugs 

(13). 

31. A method of initiating regeneration as claimed in 
Claim 30, characterized in that said step of throt- 
tling air intake comprises the step of controlling said 
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air intake regulating means. 

32. A method of initiating regeneration as claimed in 
Claim 30, for an engine comprising supercharging 
means, characterized in that said step of throttling 5 
air intake comprises the step of reducing the boost 
pressure of the engine. 

33. A method of initiating regeneration as claimed in 
Claim 1 , characterized by also comprising the 10 
steps of: 

determining the presence of particulate filter re- 
generation enabling conditions; 
performing said fuel injection strategy to initiate 15 
regeneration of the particulate filter, on deter- 
mining said regeneration enabling conditions. 

34. A method of initiating regeneration as claimed in 
Claim 33 ; characterized in that the fuel injection 20 
strategy to initiate regeneration of the particulate fil- 
ter is performed on the basis of at least one of the 
following: 

when information resulting from measuring the 25 
pressure drop through the particulate filter (37) 
and/or the temperature of the particulate filter 
(37) shows the accumulation of a given quantity 
of particulate; 

mileage; 30 
a variable time period; 

when the temperature of the engine cooling flu- 
id exceeds a given threshold. 

35. A method of initiating regeneration as claimed in 35 
Claim 33 or 34, characterized in that the fuel in- 
jection strategy to initiate regeneration of the partic- 
ulate filter is of fixed duration, equal to the time in 
which the exhaust gas temperature at the inlet of 
the particulate filter (37) exceeds a given threshold. 40 
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